The results of a phycological study on the chrysophyte flora in the eastern Pyrenees (Catalonia, Spain) are presented. The studied area is located between 1600 and 2600 m above sea level, on primarily acid substrate. A total of 34 taxa have been identified, 25 of which are new or very rarely known in Spain. Information about the cell morphology and ecological data of the studied aquatic systems are presented.
Introduction
The algal flora in the eastern Pyrenees has been well studied (Allorge & Manguin 1941; Carter 1970; Catalán 1987; Felip et al. 1995 Felip et al. , 1999 González-Guerrero 1927; Margalef 1946 Margalef , 1948 Margalef , 1952 Margalef , 1956 Massanell 1966; Sabater & Roca 1990 , 1992 Cambra & Roura 1995; Cambra & Hindák 1998; Vilaseca 1978; Pla 1999 Pla , 2001 ). Despite significant work, the naked unicellular Chrysophytes have only been scarcely investigated.
The Pyrenees have high richness of terrestrial and aquatic habitats and act as a natural barrier between species historically coming from south and north Europe. Under this perspective, any biological study could yield interesting results from several points of view. This investigation focused mostly on the naked chrysophytes living in the Sphagnum peat-bog hydrosphere, as well as phytoplankton from several lakes and it is a part of the Flora Ibérica de las algas continentales project.
Material and methods
This research was based on 25 field surveys made in the eastern Pyrenees between 1992 and 1997 in 16 localities in the Aigüestortes National Park and Val d'Aran (Lleida province). Habitat details are described in Cambra & Hindák (1998) . On each visit, algal samples from several squeezes of the Sphagnum plants were collected according to the methodology described in Cambra & Hindák (1998) . In lakes, plankton net with a mesh of 10 µm was used. At the time of sampling water temperature, pH (CRISON pHmeter), electric conductivity (CRISON conductivity-meter) and alkalinity (fenophtalein acid method) was monitored.
The collected living cells were maintained in a portable refrigerator until reaching the field laboratory station (CRAM, Barcelona Univ., Viella). The living cells were studied as soon as possible with an OLYMPUS CH-2 microscope. Identifications and taxonomic treatment were based on Asmund & Kristiansen (1986) , Bourrelly (1968) , Dillard (2007) , Doflein (1923) , Duff et al. (1995) , Ettl (1968 Ettl ( , 1970 , Huber-Pestalozzi (1941) , Kristiansen (2002) , Nicholls (1981) , Reverdin (1919) , Siver (1991) , Skuja (1948 Skuja ( , 1956 Skuja ( , 1964 and Starmach (1985) .
Results
The studied systems are dystrophic or ultraoligotrophic and acid to slightly neutral (Table 1) . The open water pH values ranged from 5.8-7.0, being lower in the emergent Sphagnum masses, where the range was 3.7-4.9. The electric conductivity was also low, with values around 9.9-94 µS/cm, with an average of 28.0 µS/cm, which is related to the scarce water mineralization. The alkalinity was also low, between 0.070-0.69 meq/L, with an average of 0.2 meq/L. However, in Beret (locality number 6) the conductivity (312 µS/cm) and the alkalinity (4.19 meq/L) values were higher because of the limestone substrate.
A total of 34 taxa were identified. According to the previous local Spanish compilations (Aboal 1991; Álvarez-Cobelas 1984; Cambra 1989; Sánchez-Castillo 1987 , 25 taxa are considered new records for the Spanish chrysophyte flora; these are labeled with an asterisk (*).
Class Chrysophyceae Hibberd 1976 Family Chromulinaceae Engler 1897 *Chromulina cordiformis Ettl 1970 (Fig. 1) Cells subglobose, to 6-6.5 µm in diameter, with a slightly truncate-depressed apex. Flagellum 5-6 µm long. Chloroplast parietal, band shaped, with stigma (Doflein 1923 ), but has also been reported from peat-bogs in Poland (Starmach 1985) , Slovakia (Hindák & Kováčik 1993) and Spain (Álvarez-Cobelas 1985) . Habitat: On the sediments of a small peat-bog pool, surrounded by Sphagnum.
*Chromulina grandis
Observations: Recorded in Denmark (Starmach, 1985) .
Figs 1-12. 1 -Chromulina cordiformis Ettl; 2 -C. elegans Doflein; 3 -C. grandis Doflein; 4 -C. nasuta Ettl; 5 -C. pseudodiachloros Péterfi; 6 -Monochrysis stigmatica; 7 -Saccochrysis pyriformis Korshikov; 8 -Chrysamoeba helvetica Reverdin; 9,10 -Chrysopyxis paludosa Fott; 11 -C. pitschmannii Ettl; 12 -C. stenostoma Lauterborn. Scale bar 2 µm. (Starmach 1986 ) and in the Alps (Ettl 1968) , among Microspora, Zygnema and Tribonema at pH of 4.5. It seems that this taxon is acidobiontic.
*Ochromonas globosa
Ochromonas sp. (Figs 24, 25 ) Cells metabolic, cylindric to ellipsoid-cylindric, slightly bent, 14-17 × 7 µm, with rounded ends. Periplast irregular. Two unequal flagella, the longer being 10 µm, and the shorter 4 µm. Cytoplasm hyaline, with several small granules. Two golden chloroplasts lying in a parietal position, one anterior and the other posterior, without pyrenoid. Contractile vacuoles located in the apex of the cell or arranged in a sub-equatorial position. Locality: 13. Habitat: In submerged Sphagnum plants in the littoral zone.
Observations: The studied cells are close to Ochromonas lenta Skuja, but in this taxon the chloroplasts have a different arrangement, the periplast is finely granulated and the cells are not amoeboid. It is also close to Ochromonas reptans Conrad, because of a similar arrangement of chloroplasts, but O. reptans have no stigma. Moreover, it has a larger size (18-24 µm in length) and the contractile vacuoles lie close to the cell apex. Based on cell shape and the vacuoles, Ochromonas dystrophila Skuja could also be similar to our studied material, but the size of this taxon is bigger (25-30 × 12-15 µm) and the chloroplast arrangement is different.
In conclusion, the studied cells have a different morphology and morphometry than previously described species of Ochromonas, but more data are needed before a definitive identification can be made. *Poterioochromonas sociabilis (Prinsheim) Pétérfi, 1969 (Fig. 22 ) (= Ochromonas sociabilis Pringsheim 1955) Cells oblong-ovoid, to 6-8.5 µm × 5 µm, with a slightly rostrate apex. Chloroplast parietal, slightly helical, without stigma. Long flagellum is as long as the cell. Periplast smooth. Locality: 4. Habitat: In wet and emergent Sphagnum masses along the littoral zone of the lake. Observations: Only recorded in Denmark (Starmach, 1985) .
Family Chrysamoebaceae Bourrelly 1957 *Chrysamoeba helvetica Reverdin 1919 (Fig. 8 ) Cells up to 6-10 µm in diameter, variable in shape because they have amoeboid movements, being more or less rounded. The cytoplasm has rhizopodia and usually contains three contractile vacuoles, which are arranged close to the single flagellum. The chloroplast is very small and axial. Flagellum very short, inconspicuous, having an active wavy movement. Locality: 4. Habitat: In submerged Sphagnum plants in the littoral zone of the lake. Observations: Previously reported from the plankton of a lake in Switzerland (Starmach 1985) .
Family Stylococcaceae Lemmermann 1899 *Chrysopyxis paludosa Fott, 1957 (Figs 9, 10) Lorica ovoid-ellipsoid, 10-14 × 7-8 µm, thick, yellowish, with a very slightly differentiated neck. Cells elliptical, to 5-6 × 3.5-4 µm, with two contractile vacuoles, which are located in the posterior part of the cell. Locality: 11, 12. Habitat: Epiphytic on filamentous algae such as Oedo-gonium and Microspora in small Sphagnum peat-bogs, usually with a high content of organic matter. Observations: Common as epibiont in peat-bogs of the Czech Republic and Poland (Starmach, 1985) . Ettl 1968 (Fig. 11 ) Lorica clavate to obovate, 17-20 × 9 µm, brownish, robust, being finely punctate, with a long neck. Basal part thickened and with a more or less striated stalk. Locality: 13. Habitat: In submerged Sphagnum plants in the littoral zone of the lake. Observations: Only recorded previously in the Alps (Ettl 1968) . (Fig. 12 ) Lorica subelliptical, 12-15 × 10 µm, hyaline, without neck. Cells elliptical, 7-8 × 6 µm, with two parietal chloroplasts. Locality: 12. Habitat: Living on filamentous algae in a small peatbog with Sphagnum. Observations: Widely distributed, especially in stagnant waters (Starmach, 1985) . Aboal (1991) found it in small pools with Mougeotia in the Segura river. (Fig. 13 ) Lorica globose, 8-11 × 7 µm, rounded at the basal part, with an apical neck of 1-2 µm in length. Cells spherical, with a parietal chloroplast and two caudal contractile vacuoles. Locality: 13. Habitat: In submerged Sphagnum plants in the littoral zone of the lake. Observations: Recorded in France (Villeret 1953 ) and believed to be widespread (Starmach, 1985) . It seems to prefer stagnant peat-bog waters, epiphytic on filamentous algae, usually on Tribonema filaments. Matvienko, 1965 (Fig. 14) Lorica ellipsoidal, to 5.6-7 × 10 µm, sessile, with several equatorial pores, which are elongated in narrow and short cylindrical tubes. Locality: 13. Habitat: In submerged Sphagnum plants in the littoral zone of the lake. Observations: Recorded in the Czech Republic (Starmach 1985) , living on filamentous algae in stagnant waters. Family Chrysosphaeraceae Pascher 1914 *Chrysosphaera gallica Bourrelly 1957 (Fig. 15) Cells spherical, to 9-10 µm in diameter, single or in groups, with three parietal disc shaped chloroplasts. Locality: 11. Habitat: In a small peat-bog. Observation: Found previously in small water bodies in France (Starmach 1985) .
*Chrysopyxis pitschmannii

Chrysopyxis stenostoma Lauterborn 1911
Lagynion ampullaceum (Stokes) Pascher 1912
*Stephanoporos tubulifera (Matvienko)
Family Dinobryaceae Ehrenberg 1834 Dinobryon bavaricum Imhof 1890 (Fig. 17 ) Lorica 67.5-72 × 8-9 µm, cylindrical, strongly attenuated through the basal part, which is acute. Sides very slightly undulated. Colonies with few cells. Locality: 10. Habitat: In the phytoplankton of a mesotrophic to oligotrophic lake. Observations: Common in northern and cold areas, in meso-to eutrophic waters (Starmach 1985) .
Dinobryon cylindricum var. alpinum (Imhof) Bachmann 1908 (Fig. 16 ) Lorica 54-68 × 10-11 µm, cylindrical, with open mouth and acute basal part. Colony formed by many cells arranged in bundles. Locality: 3, 6. Habitat: In peat-bogs and swamps. Observations: Common in oligo-and mesotriphic lakes in the Alps and northern Europe (Starmach 1985) . This record confirms the boreo-alpine distribution of this taxon.
*Epipyxis tubulosa (Mack) Hilliard & Asmund 1963 (Fig. 18 ) Lorica cylindrical, slightly bent and rounded at the basal part, 27 × 5 µm, hyaline. Cells fusiform to pyriform, with a parietal chloroplast and stigma. Locality: 10 Habitat: Epiphytic on filamentous algae which were living in a small peat-bog pool. Observations: Recorded in the Alps (Ettl 1968) , Europe and North America (Starmach 1985) . (Fig. 19 ) Lorica urceolate, 8-10 × 5 µm, with a broad and short neck. Cells ovoid and slightly asymmetric, to 7-8 × 4 µm. Chloroplast parietal, with stigma. Long flagellum is twice as long as the cell. Short flagellum equal to the length of the cell. Locality: 1. Habitat: In submerged Sphagnum in a peat-bog. Observations: Recorded only in a water source in Czech Republic (Starmach, 1985 recorded in Portugal (Santos & Leedale 1993) and Greece (Kristiansen 1980 ). Takahashi 1973 emend. Nicholls 1981 (Fig. 35 ) Dimensions: spine scale 1.8 µm in diameter; spine 3.8 µm in length. Locality: 12. Observations: In southern Europe this taxon has been recorded in Portugal (Santos & Craveiro 1996) and Greece (Kristiansen 1980) . It is the most common and widespread Spiniferomonas species (Siver 1988 (Fig. 23 ) Mucilaginous colony with a spherical to ellipsoid shape and up to 40 µm in diameter. Cells globose, to 7 µm in diameter, irregularly arranged inside the mucilage, which contains several pieces of the mother's cell wall. Each cell has 1-2 chloroplasts. Locality: 3. Habitat: In submerged Sphagnum and Fontinalis living in a small peat-bog. Observations: Recorded in peat-bogs and lakes from England and Sweden (Starmach 1985) .
*Pseudokephyrion hypermaculatum Ettl 1978
*Spiniferomonas trioralis
Class Synurophyceae Andersen 1987 Family Synuraceae Lemmermann 1899 *Synura petersenii Korshikov 1929 ( Fig. 32 ) Scale dimensions 3.3 × 1.6 µm. Scales with a central keel ending in a short spine, and transverse ribs. Locality: 15. Observations: In southern Europe this taxon has been recorded in Portugal (Santos & Leedale, 1993) and Greece (Kristiansen 1980 (Asmund & Kristiansen, 1986) . Kristiansen (2002) consider Mallomonas actinoloma var. nadiensis as endemic of south America. This taxon have been scarcely recorded and probably, after our finding, has a cosmopolitan distribution instead endemic. (Asmund) Fott 1962 (Figs. 27, 28, 30) Dome-bearing body scales of 4.7 µm in length and 2-3 µm in width. Locality: 13.
Mallomonas crassisquama
Observations: This taxon has been recorded in Portugal (Santos & Leedale 1993; Santos & Craveiro 1996) and in Sanabria lake, western Spain (Hoyos et. al. 1998 ). This taxon is widely distributed (Kristiansen 1980 (Kristiansen , 1992 , because it has a well-known tolerance to a wide range of environmental conditions (Siver 1991 ). Reverdin 1919 (Fig. 29 ) Dome-bearing body scales of 4.3-4.8 µm in length × 3.1-3.6 µm in width. Locality: 15. Observations: Widely distributed in southern European countries, this taxon has only been recorded in Italy (Asmund 1959) and Portugal (Calado & Craveiro 1995) . M. elongata is a cold water steno-therm taxon (Siver 1991) , with a maximum occurrence below 9
*Mallomonas elongata
• C, but ranging from 1 to 14.5
• C. It was observed mostly in large clear water lakes that were mesotrophic to eutrophic in nature. Stomatocysts *Stomatocyst 297 Gilbert, Zeeb & Smol, 1997 (Fig. 36) Stomatocyst spherical, 7.2-11.7 µm in diameter, with a distinct robust collar of 3.4-4.6 µm in diameter. From the outer collar margin appeared 6-7 elongated ridges, not helicoidal, which almost reach to the equatorial part of the stomatocyst. Surface smooth. Locality: 10. Observations: Although the distribution of this stomatocyst is still unknown, it has been recently described from Siberia (Gilbert et al. 1997) . Pla (1999) , has found a very similar stomatocyst, S324, but with helicoidal ridges that reach almost to the caudal part of the cyst and with a thinner collar.
Discussion
The results of the present study show that the Pyrenean peat-bogs have a moderately to highly diverse chrysophyte flora, which is very close to that described from the Alps by Ettl (1968 Ettl ( , 1970 , the Tatry mountains by Hindák & Kováčik (1993) and Nordic cold countries. After visiting the studied localities many times during almost six years, we believe that the vegetative growth periods of some genera, like Chromulina or Chrysamoeba are very short.
The taxonomy of naked Chrysophytes is still at the starting point. In many cases species have been described from only one sample with only the iconotype, and lack information about morphological variability. Applying the former methods of species descriptions, the actual taxa are considered morphological species, because the possibility exists that some of them could be merely zoospores or different phenologic stages of the same taxa. In addition, some of them have amoeboid movement which changes the cell shape, making it more difficult to obtain a correct interpretation of the range in morphological variability of the cell. Therefore, because of the lack of definitive taxonomic information, the geographical distribution and auto-ecology of the taxa are poorly known.
